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10.

Answer ALL questions.

PART A — (10 x 2 = 20 marks)

Define gradient of a scalar field.

A vector function, F=(4y-c;z)a, +(c, x—72) a, —(csy+52)a,. Determine the

constants C1, Ce, C3 if F is irrotational.
State Coulomb’s law.

The electrostatic field intensity E is derivable as the negative gradient of a
scalar electric potential V. Determine E at the point (2,3,1) if

V=V, e sin(zy/ 4)
State Ampere’s Circuital law.

Vector magnetic potential in free space is A=(2x2 y— yz)ax +
(xy2 —xzz) a, —(6xy + ny) a, (Wb/m). Calculate magnetic flux density (B).
What is the difference between conduction current and displacement current?

Write the boundary conditions of electromagnetic fields at air — conductor
interface.

Write the properties of Uniform Plane Wave for free space.

Find the intrinsic impedance of the medium with permittivity ¢=4¢, and
permeability u = g, .




11.

12.

13.

14.

(a)

(b)

(a)

(b)

(@

(b)

(a)

(b)

PART B — (5 x 13 = 65 marks)

i) A vector in  cylindrical coordinates  1s given as
A=a, A +a;A,+a, A,. Derive the relation between the

components of cylindrical coordinates and cylindrical coordinates.(7)
(i) State and explain helmholtz’s theorem. (6)

Or

Verify the divergence theorem for the vector function

A=x"a,+xya,+yza, over a cube one unit on each side. The cube is

situated in the first octant of the cartesian coordinate system with one
corner at the origin.

Determine the Electric field intensity (E) of an infinitely long, straight,
line charge of a uniform density p; in air medium.

Or

A spherical capacitor consists of an inner conducting sphere of radius Ri
and outer conductor with a spherical inner wall of radius Ro. The space
between the conductors is filled with a dielectric of permittivity .
Determine the capacitance of the capacitor.

Derive the boundary conditions for the static magnetic field at the
interface of two different magnetic medium with permeability s and g, .

Or
An air coaxial transmission line has a solid inner conductor of radius a:
and a very thin outer conductor of inner radius bi. Determine inductance

per unit length of the line.

Derive the integral and point form of the maxwell's equations from gauss
law, ampere’s law and faraday’s law.

Or

Derive the wave equations from maxwell’s equations and solve it for free
space conditions.
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Derive the expression for attenuation and phase constant for an
electromagnetic wave propagating in good conductor and dielectric
medium.

Or

Find the poynting vector on the surface of a long, straight conducting
wire that carries a direct current I. The radius and conductivity of the
conductor are b and o respectively. Verify the poynting’s theorem.

PART C — (1 x 15 = 15 marks)

(i) A long, straight copper wire with 12 mm diameter carries a steady
current of 10 mA. Determine the magnetic flux density and
magnetic field intensity at 3 mm and 5 cm from the centre of the

wire (,u =y, =47x107" H/m). (8)
(i) A point charge of @ = 40 nC is located at the origin in cartesian

coordinates. Find the electric flux density and electric field
intensity at (1, 3, —5). (7

© Or

(i) A copper sheet is used as cover for electromagnetic shielding
applications. What is thickness of copper sheet is required at
100 MHz, 500 MHz, 3 GHz and 30 GHz for the electromagnetic

shielding applications? (,u = lUy = 47x107" H/m, c=5.8x10" S/m).
(8)
(i) The Electric field intensity in air medium is given by
E =10sin (100 7 x) cos (127[109 t—ﬂz) a, (V/m). Find the magnetic
field intensity H and £ . (7
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